Introduction Continuous positive airway pressure ventilation (CPAP) and non-invasive positive pressure ventilation (NPPV) are accepted treatments in acute cardiogenic pulmonary edema (ACPE). However, it remains unclear whether NPPV is better than CPAP in reducing the need for endotracheal intubation (NETI) rates, mortality and other adverse events. Our aim was to review the evidence about the efficacy and safety of these two methods in ACPE management.
Introduction
The public health burden of heart failure is very high. In the United States, heart failure is the most frequent cause of hospitalization in persons over 65 years of age [1] , and in 2004, the estimated direct and indirect costs were 25.8 billion dollars [2] . A 4% hospital mortality due to heart failure was recently reported [3] . This rate increases to 36% in severe cases needing mechanical ventilation [4] . ACPE = acute cardiogenic pulmonary edema; AMI = acute myocardial infarction; CI = confidence interval; COPD = chronic obstructive pulmonary disease; CPAP = continuous positive airway pressure ventilation; ETI = endotracheal intubation; NPPV = non-invasive positive pressure ventilation; RCT = randomized controlled trial; SMT = standard medical therapy.
During the past 10 years, continuous positive airway pressure (CPAP) and non-invasive positive pressure ventilation (NPPV) have gained decisive roles in the management of various forms of respiratory failure [5] [6] . Non-invasive ventilation achieves physiological improvement and efficacy similar to invasive ventilation [7] , and by avoiding endotracheal intubation (ETI) reduces morbidity and complications [6] .
Both NPPV and CPAP have been successfully used in patients with acute cardiogenic pulmonary edema (ACPE) [8, 9] . A meta-analysis pooling data from three randomized controlled trials (RCTs) [10] , published seven years ago, supported the efficacy of CPAP in avoiding ETI in ACPE patients, but showed no evidence of improved survival. Since that publication, several new RCTs have been published comparing NPPV, CPAP and standard medical therapy (SMT) in ACPE patients [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] . However, because most of them were small, several issues remain unresolved. The evidence about the size and significance of a reduction in mortality and about whether one technique is superior to the other remains unclear. Clinically important questions about which technique would lead to better outcomes in more hypercapnic patients [19] and about the best level of pressure support in NPPV [26] have also been raised, and may be preventing the wider use of these technologies.
Concerns have also been raised about safety issues related to non-invasive ventilation. Mehta and colleagues [25] showed, in an interim analysis of an RCT, an increased risk of acute myocardial infarction (AMI) in patients treated with NPPV. Due to the limited number of patients enrolled, however, those results were not conclusive, suggesting the need for a critical analysis of the safety of NPPV and CPAP in the treatment of ACPE.
A very recent meta-analysis unfortunately addressed only some of the questions to which clinicians need answers. Masip and colleagues [27] , showed that non-invasive ventilation -jointly considering CPAP and NPPV together as if they were the same technology -was associated with a 43% relative risk reduction in mortality and 56% relative risk reduction in the need for ETI, and found no significant differences in efficacy between those two modalities. An important criticism of this review is that it presents results for non-invasive ventilation (pooling CPAP and NPPV together) and consequently double counting control group patients in three studies (with three arms), inflating the number of patients included and having potential impact on the calculated confidence intervals and conclusions. Moreover, this meta-analysis failed to include two useful studies (one inappropriately excluded and one not found). It also did not analyze evidence about differences in efficacy in the subset of more hypercapnic patients or about differences related to the level of pressure support in NPPV. It commented on but did not present relevant data, or thoroughly analyze, the potentially increased AMI risk associated with non-invasive ventilation, another issue that concerns clinicians. Finally, the results of this meta-analysis were presented using the relative risk scale, which is less easy to translate to practice and more challenging for clinicians to understand.
The aim of our study was to systematically review the evidence in order to answer key clinical questions about the efficacy and safety of CPAP and NPPV in the treatment of patients with ACPE, considering three different outcomes: the need for ETI; in-hospital all cause mortality; and incidence of newly developed AMI. We specifically and separately addressed three different comparisons: CPAP and SMT versus SMT alone; NPPV and SMT versus SMT alone; and NPPV and SMT versus CPAP and SMT. Secondary aims were to analyze the impact of patients' baseline hypercapnia on the efficacy of CPAP and NPPV and to test a common clinical hypothesis about the advantage of NPPV when using higher levels of pressure support ventilation.
Materials and methods

Study design
A systematic review and meta-analysis of RCTs focusing on the effect of CPAP and NPPV in the treatment of ACPE was undertaken. The methodological approach included the development of selection criteria, definition of search strategies, quality assessment of the studies, data abstraction and statistical data analysis [28] .
Selection criteria
The study selection criteria were defined before data collection, in order to properly identify high quality studies eligible for the analysis.
The following inclusion criteria were defined. Patient population: adult patients presenting to hospital with ACPE, defined as existence of dyspnea of sudden onset, increased respiratory rate, a compatible physical examination (bilateral crackles on pulmonary auscultation, elevated jugular venous pressure, third heart sound on cardiac auscultation), bilateral pulmonary infiltrates on chest radiograph plus significant hypoxemia. Study design: prospective randomized parallel trials with independent randomization of ACPE patients. Interventions: use of CPAP (delivered using any device) and medical therapy compared with standard medical therapy alone; use of NPPV (with any device) and medical therapy compared with standard medical therapy alone; or use of CPAP and medical therapy compared with NPPV and medical therapy. Outcomes: need for ETI as decided by trialists, all-cause mortality and risk of newly developed AMI after delivery of study interventions.
To improve the internal validity of this meta-analysis, we decided to consider separately trials of NPPV and CPAP, because these two methods have different technical, physiological and clinical characteristics. Pooling those two interventions in a single 'non-invasive ventilation' intervention may not be appropriate and could have led to additional heterogeneity and patient overlap in trials with three arms. Also, trials that included both acute respiratory failure and ACPE patients [29] [30] [31] [32] [33] were included only if there was independent stratified randomization of therapies for this sub-group.
Search strategy
Our primary method to locate potentially eligible studies was a computerized literature search in the MEDLINE database, from inception to May 2005, without any restriction on language of publication, using the following search keywords and MeSH terms: (artificial respiration or continuous positive airway pressure or non-invasive positive pressure ventilation or non-invasive ventilation or non-invasive ventilation) and (pulmonary edema or pulmonary oedema or congestive heart failure) and (clinical and trial or clinical trials or clinical trial or random* or random allocation or therapeutic use). Literature searches were also undertaken, using the same search keywords, in the following databases: the American College of Physicians (ACP) Journal Club Database; the Cochrane Central Register of Controlled Trials (CCTR); the Cochrane Database of Systematic Reviews (CDSR); the Digital Academic Repositories (DARE) Database; and the MetaRegister of Controlled Trials at Current Controlled Trials webpage.
In defining all search strategies we gave priority to formats with higher sensitivity, in order to increase the probability of identifying all relevant articles.
We also reviewed the references of all relevant articles and review articles, hand searched abstracts and conference proceedings of recent relevant congresses and scientific forums Table 1 General and specific quality criteria Flow chart of the study selection process Flow chart of the study selection process. ACPO, acute cardiogenic pulmonary edema; ARF = acute respiratory failure; CPAP, continuous positive airway pressure ventilation; ETI, endotracheal intubation; NPPV, non-invasive positive pressure ventilation; MT, medical therapy. 
General quality criteria
Figure 2
Results and pooled analysis of absolute risk differences (RDs) for the outcomes (a) need for endotracheal intubation, (b) mortality and (c) acute myocardial infarction in trials comparing continuous positive airway pressure ventilation (CPAP) versus medical therapy in acute cardiogenic pulmonary edema patients Results and pooled analysis of absolute risk differences (RDs) for the outcomes (a) need for endotracheal intubation, (b) mortality and (c) acute myocardial infarction in trials comparing continuous positive airway pressure ventilation (CPAP) versus medical therapy in acute cardiogenic pulmonary edema patients.
Table 2 (Continued)
General characteristics and general quality criteria of randomized trials in acute cardiogenic pulmonary edema patients included in the study Table 3 Specific quality criteria of included randomized trials 
Study quality assessment and data abstraction
In the first phase of selection, the titles and abstracts of the retrieved studies were screened for relevance by two reviewers. In the second phase, two reviewers (ALF and WJC) independently analyzed the full-papers of articles identified as potentially relevant. Selection criteria were applied, exclusions were decided and disagreements settled by consensus. Data abstraction for quality assessment and pooled analysis was performed independently using a previously specified standardized form. Quality assessment considered two types of study quality criteria, general and specific.
The general quality criteria included methodological and reporting characteristics of RCTs generally accepted as appropriate to evaluate this type of study ( Table 1 ). The specific quality criteria included characteristics specifically relevant to RCTs studying ACPE patients and the effect of noninvasive ventilation (Table 1) .
a Clinical criteria of APE: existence of dyspnea of sudden onset, bilateral pulmonary infiltrates on chest radiograph and a compatible physical examination (bilateral crackles on pulmonary auscultation, elevated jugular venous pressure, third heart sound on cardiac auscultation). b Data on baseline frequency of acute myocardial infarction (AMI) and chronic obstructive pulmonary disease (COPD) are presented as number of patients with co-morbidity/total number of patients in the assigned group. c Standard medical therapy was defined as: O 2 by face mask, nitro-glycerin, nitroprusside, furosemide and morphine. Other interventions described in managing these patients will be specifically indicated. 
Figure 3
Results and pooled analysis of absolute risk differences (RDs) for the outcomes (a) need for endotracheal intubation, (b) mortality and (c) acute myocardial infarction in trials comparing non-invasive positive pressure ventilation (NPPV) versus medical therapy in acute cardiogenic pulmonary edema patients Results and pooled analysis of absolute risk differences (RDs) for the outcomes (a) need for endotracheal intubation, (b) mortality and (c) acute myocardial infarction in trials comparing non-invasive positive pressure ventilation (NPPV) versus medical therapy in acute cardiogenic pulmonary edema patients. 
Statistical analysis
For the pooled assessment of treatment effects in the three comparisons (CPAP versus SMT, NPPV versus SMT and CPAP versus NPPV) and the three outcome variables (need for ETI, mortality and AMI risk) in this review, we used the Mantel-Haenszel method for fixed effects estimation and the DerSimonian and Laird method for random effects estimation. One problem that could have arisen in the pooled analysis is that of patient overlap because of the inclusion of studies with three arms (CPAP, NPPV and SMT) [15, 21, 23] . To overcome this problem, among other previously stated reasons, we separately considered the three comparisons CPAP versus SMT, NPPV versus SMT and CPAP versus NPPV.
We used risk difference (absolute risk reduction) as the scale for measuring efficacy and side effects because clinicians find it a more intuitive and interpretable metric as it measures the absolute difference between outcome risks in intervention and control groups, rather than odds ratios or relative risks, which many clinicians and patients find hard to understand [34, 35] .
Heterogeneity of treatment effects was assessed by graphical inspection of forest plots and formally using the Q statistic (at a p value ≤ 0.1) and I 2 statistic for estimating inconsistency among study results. The random effects model for pooling effects was preferred and always used if heterogeneity of treatment effects was present. Subgroup and sensitivity analysis were performed following a predefined protocol and considering the hypothesis previously presented.
Potential publication bias was assessed by visual analysis of the funnel plots, which allows evaluation of publication bias by presenting the study's risk difference plotted as a function of its standard error, and then formally checked by the rank correlation test of Begg [36] .
The data processing and statistical analysis were performed using the Cochrane Collaboration's Review Manager Software version 4.2 [37] and RevMan Analyses software version 1.0 [38] . 
Results
Search and study selection A total of 790 articles were identified using the search strategy and sources listed. After screening titles and abstracts for relevance, 744 articles were excluded (the reasons for exclusion are presented in Figure 1 ). The remaining 46 articles were retrieved for more detailed full paper evaluation and 22 were excluded [18, [39] [40] [41] [42] [43] [44] [45] [46] [47] [48] [49] [50] [51] (Figure 1 ). Eight other articles reporting randomized controlled trials in ACPE patients were excluded, for the following reasons: two because different interventions were studied [52, 53] ; one because it was a randomized crossover trial focusing on physiological outcome variables [54] ; two because of probable patient overlap [55, 56] with the included studies by Crane and colleagues [21] and Lin and colleagues [57] ; one because its abstract and full paper were published in Chinese [58] ; one (by Sharon and colleagues [59] ) because it was performed in a pre-hospital setting and had a different intervention in the control group -SMT plus high dose IV isossorbide-dinitrate -and has been frequently criticized for its methodological problems [60] ; and one conference abstract by Liesching and colleagues reporting an RCT comparing NPPV versus CPAP was withdrawn because it was not possible to obtain the minimum information on study design, patients, interventions and outcomes [61] .
Unlike the other meta-analysis previously published [27] , we did not excluded the article by Takeda and colleagues [12] because there is no evidence of patient overlap with the other study by the same authors [11] . Patient inclusions in the two articles have different time frames and settings [11, 12] .
The final study cohort consisted of 17 studies: seven comparing CPAP with SMT [11, 12, 16, 22, 57, 62, 63] , three comparing NPPV with SMT [13, 14, 19] , four comparing CPAP directly with NPPV [17, 20, 24, 25] and three studies each with three arms comparing CPAP, NPPV and SMT [15, 21, 23] (Table 2 ).
Methodological quality of included studies
Study quality assessment considered two types of criteria: general and specific. The general quality criteria are presented in Table 2 . The studies had generally small sample sizes (median, 40 patients; range, 22 to 130); the total number of patients included was 938. Most of them had adequate randomization concealment and adequate selection criteria. Four out of 17 did not report an intention-to-treat analysis. Only one study blinded physicians, nurses and patients to the intervention by covering the control panel of the ventilator. Almost none of the studies reported or commented on blinding strategies. Most of them reported on strategies for standardization of co-interventions and had complete follow-up details for all participants. Six out of 17 studies had inadequate or unclear outcome definitions.
The specific quality criteria are presented in Table 3 . There were several different definitions of ACPE (see Table 3 ), but most of them included the basic criteria considered in our definition (existence of dyspnea of sudden onset, increased respiratory rate, a compatible physical examination, bilateral crackles on pulmonary auscultation, elevated jugular venous pressure, third heart sound on cardiac auscultation, bilateral pulmonary infiltrates on chest radiograph plus significant hypoxemia). Inclusion and exclusion criteria had some variability (Table 3) , with some studies including much selected groups of patients. Baseline co-morbidities differed between studies and in some studies the presence of chronic obstructive pulmonary disease (COPD) or AMI was considered as exclusion criteria (Table 3 ). The frequency of AMI at baseline, for each study, is presented in Table 3 . Major differences were found among studies regarding the methods of implementation and technical characteristics of the ventilation devices (Table 3 ) and regarding the definition and adequacy of criteria for ETI (Table 3 ).
The analysis of safety issues will mainly focus on comparisons of AMI risk among interventions. Some other adverse events of non-invasive ventilation were reported sporadically by authors (facial erythema, nasal skin necrosis, vomiting, gastric distension, pulmonary aspiration, barotrauma and asphyxia), but were always described as rare events.
Continuous positive airway pressure ventilation versus standard medical therapy
Results of studies comparing CPAP therapy with SMT are presented in Figure 2 . In the random effects pooled analysis, CPAP therapy showed a statistically significant 22% risk reduction in need for ETI (95% confidence interval (CI), -34% to -10%; p = 0.0004) and a 13% risk reduction for mortality (95%CI, -22% to -5%; p = 0.0003). Significant heterogeneity was found in the pooled analysis of need for ETI and borderline significant heterogeneity was found for mortality (Cochran's Q chi-square test, p = 0.0004; I 2 = 70.1% for intubation and Cochran's Q chi-square test, p = 0.060; I 2 = 44.1% for mortality). Nevertheless, all studies but one found a reduction of risk in the CPAP group. Heterogeneity is in part related to the extreme findings of 55% risk reduction for both ETI and mortality in the study by Takeda and colleagues [12] .
Only three studies included data on myocardial infarction and the random effects pooled analysis showed no difference in AMI risk between the CPAP and SMT groups (Risk Difference -RD, -1%; 95%CI, -13% to 11%; p = 0.910) and non-significant heterogeneity (Cochran's Q chi-square test, p = 0.22; I 2 = 33.2%). 
Non-invasive positive pressure ventilation versus standard medical therapy
Results of the studies comparing NPPV with SMT are presented in Figure 3 . The random effects pooled analysis showed a statistically significant 18% risk reduction in need for ETI (95%CI, -32% to -4%; p = 0.010) and a non-significant 7% risk reduction for mortality (95%CI, -14% to 0%; p = 0.060) favoring the NPPV group. Significant heterogeneity was found in the pooled analysis of need for ETI (Cochran's Q chi-square test, p = 0.02; I 2 = 62.9%), but again, all studies but one showed risk reduction for the NPPV group.
Random effects pooled analysis of risk differences for AMI showed a small but non-significant risk increase for the NPPV group (RD, 1%; 95%CI, -4% to 5%; p = 0.720).
To test the clinical hypothesis about an advantage of NPPV over SMT when using higher levels of pressure support ventilation [26] , we performed a predefined subgroup analysis (Forest plots not presented but available on request) with stratification based on the level of pressure support ventilation (Pressure Support Ventilation -PSV ≥ 10.0 cmH2O versus PSV < 10.0 cmH2O; Table 3 ). In the subgroup of studies with higher levels of pressure support ventilation [13, 21] , a random effects pooled analysis showed a statistically non-significant risk reduction in need for ETI (RD, -13%; 95%CI -44% to 19%; p = 0.430; Cochran's Q chi-square test for heterogeneity, p = 0.020) and mortality (RD, -9%; 95%CI -24% to 5%; p = 0.190; Cochran's Q chi-square test for heterogeneity, p = 0.670) favoring the NPPV group. In the subgroup of studies with lower levels of pressure support ventilation [14, 15, 19, 23] , the random effects pooled analysis showed a statistically significant risk reduction in need for ETI (RD, -22%; 95%CI -40% to -3%; p = 0.020; Cochran's Q chisquare test for heterogeneity, p = 0.060) and a non-significant risk reduction for mortality (RD, -6%; 95%CI -14% to 2%; p = 0.160; Cochran's Q chi-square test for heterogeneity, p = 0.690) favoring the NPPV group.
Continuous positive airway pressure ventilation versus non-invasive positive pressure ventilation
Results from studies directly comparing CPAP with NPPV are presented in Figure 4 . The random effects pooled analysis showed a statistically non-significant need for ETI risk reduction (RD, 3%; 95%CI -4% to 9%; p = 0.041) and mortality reduction (RD, 2%; 95%CI -6% to 10%; p = 0.640) in the NPPV group. No evidence of significant heterogeneity in need for ETI was found (Cochran's Q chi-square test, p = 0.340; I 2 = 11.5%). Heterogeneity with borderline significance was found for mortality (Cochran's Q chi-square test, p = 0.100; I 2 = 44.4%). A fixed effects pooled analysis, which could be considered appropriate in this case due to the absence of heterogeneity, obtained similar non-significant results (RD, 4%; 95%CI -2% to 10% and RD, 2%; 95%CI -5% to 8% for ETI and mortality, respectively).
Random effects pooled analysis of risk differences for AMI showed a non-significant risk reduction in the CPAP group (RD, -5%; 95%CI, -18% to 8%; p = 0.430).
To explore the hypothesis proposed by some clinicians on the advantage of NPPV over CPAP in hypercapnic patients [19] , we analyzed the impact of patients' baseline hypercapnia in the comparison between CPAP and NPPV. A subgroup analysis was performed ( Figure 5 ) with stratification based on mean baseline level of arterial carbon dioxide pressure, (PaCO 2 <50 mmHg versus PaCO 2 ≥ 50 mmHg). In the group of studies with more hypercapnic patients at baseline, the random effects pooled analysis showed a statistically non-significant risk reduction in need for ETI (RD, 2%; 95%CI -5% to 9%; p = 0.560) and mortality (RD, 2%; 95%CI -9% to 13%; p = 0.690) favoring the NPPV group. In the group of studies with less hypercapnic patients at baseline, the random effects pooled analysis showed a statistically non-significant risk reduction in need for ETI (RD, 13%; 95%CI -20% to 46%; p = 0.430) and a non-significant risk increase for mortality (RD, -1%; 95%CI -12% to 10%; p = 0.820) for the NPPV group.
Publication bias
Funnel plots are presented in Figure 6 . Although separate analyses for all outcomes and comparisons were performed, we only present here the analysis of potential publication bias for the need for ETI, because results regarding other outcomes are very similar.
For the comparison of CPAP versus SMT, the funnel plot is approximately symmetrical, but larger studies (more precise measures of effect) tend to have smaller effects and smaller studies (less precise measures of effect) tend to have larger effects. The rank correlation test of Begg gives a non-significant result (p = 0.325), so the absence of publication bias cannot be rejected. For the comparison of NPPV versus SMT the funnel plot is asymmetrical and seems to indicate a lack of small studies with small effects. The rank correlation test of Begg gives a non-significant result (p = 0.251). For the comparison of CPAP versus NPPV the funnel plot is asymmetrical and indicates a lack of small studies with effects favoring CPAP therapy. For this comparison, there seems to be some evidence of a publication bias, favoring the publication of studies with positive results for NPPV therapy. Nonetheless, the rank correlation test of Begg gives, once again, a non-significant result (p = 0.129).
Discussion
ACPE is a rather common condition and may require mechanical ventilation [64] , leading to high in-hospital mortality. The use of non-invasive ventilation to treat ACPE was first described by Poulton and colleagues [65] more than 60 years ago, and seven years ago the first meta-analysis appeared, showing the efficacy of CPAP in the treatment of ACPE [10] . Since then, several RCTs comparing the use of CPAP and NPPV with SMT or with each other have been published, and the role of non-invasive ventilation, and specially CPAP, in ACPE patients is becoming more clearly defined.
The present meta-analysis focused on important, unresolved clinical questions about the efficacy and safety of these techniques that could be delaying their uptake in most centers.
First, the meta-analysis shows that, in patients with ACPE, CPAP and NPPV, both significantly decrease need for ETI risk, and CPAP alone significantly reduces mortality when compared to SMT. Both NPPV and CPAP appear to be equivalent in reducing need for ETI and mortality. NPPV does not yet show a significant reduction in mortality, probably due to the low power related to the limited number of patients in the studies analyzed.
To put this evidence of clinical efficacy into context, it is also important to take into account the costs and difficulties involved in implementing non-invasive ventilation in clinical practice and the logistic differences between using the two non-invasive ventilation techniques. It is clear that CPAP is more easily implemented in clinical practice and that it carries smaller associated costs [53] . In fact, the cost-effectiveness of CPAP has already been demonstrated [66] .
Second, our analysis of the safety of these methods showed that, although some caution is still advised, there is no evidence of increased risk of AMI with either of these techniques and the other adverse events described with these techniques are very rare. Although one study [25] found a higher incidence of AMI with NPPV, subsequent research has not confirmed this finding [13, [19] [20] [21] 23] . In the present meta-analysis, there was no significant difference in the risk of AMI between CPAP and NPPV when compared to SMT. Careful and frequent monitoring of patients with ACPE is mandatory, especially in the presence of AMI, but there is no evidence from these trials to contraindicate the use of NPPV.
Third, in a subgroup analysis of studies including patients with mean baseline PaCO 2 levels below and above 50 mmHg, NPPV showed only a small trend towards decreased need for ETI and mortality, so the suggested superiority of NPPV in hypercapnic ACPE patients due to respiratory muscle unloading [19] was not confirmed. Although a number of studies in our meta-analysis included patients with ACPE and coexisting COPD [13, [19] [20] [21] , who one would expect to benefit the most from NPPV [67] , studies including hypercapnic ACPE patients without COPD also showed significant improvement in PaCO 2 with CPAP [24] .
Fourth, in a subgroup analysis we found no evidence supporting the clinical hypothesis about the advantage of NPPV over SMT when using higher levels of pressure support ventilation [26, 13, 21] .
Although our conclusions appear robust and well supported by the evidence, this meta-analysis has some limitations that should be pointed out. We found important clinical differences among the studies included in the analysis. The patients selected may not be completely comparable from study to study. Specifically, we found relevant differences relating to the etiology of ACPE. The mortality rate in the control groups had a wide range (from 0% [15] to 64% [12] ), indicating large differences in severity of illness between studies. In addition, the rates of AMI on admission, one of the most important predictors of mortality [4, 64, 68] varied from 0% in Bellone and colleagues [20] to 100% in Takeda and colleagues' study [12] .
Some of the studies included had moderate methodological limitations. When analyzing the comparison between NPPV and SMT, some concern may be raised about study recruitment and randomization procedures. In fact, one study had significantly more patients with a history of AMI, COPD and diabetes mellitus and patients with higher baseline PaCO 2 levels randomized to the control group [13] . Studies comparing CPAP with NPPV also had problems with baseline differences between groups. For instance, in Park and colleagues' study [15] , patients treated with CPAP were more severely ill than those treated with NPPV, and in the study by Crane and colleagues [21] , the NPPV group had significantly more co-morbidities, lower PaCO 2 and a trend toward higher median peak creatine kinase (CK) levels. These differences could potentially account for the advantage of NPPV in reducing ETI in Park and colleagues' study [15] and for the advantage of CPAP in reducing mortality in Crane and colleagues' study [21] .
Important heterogeneity was also found in relation with outcome definitions. The criteria and time frame used in the definition of patients needing ETI was very different from study to study. Moreover, some studies considered the need for intubation as the outcome whereas others considered actual intubation. The creation of consensus guidelines for outcome definitions for this type of study would be very useful to promote further rigorous research and would support future systematic reviewers.
Differences were also found in the technical specifications of the ventilation devices studied. Although face mask was the main interface used, in some studies [11, 12, 14, 25] a nasal mask or a combination of the two were applied. Duration of non-invasive ventilation and the type of ventilator may have also influenced outcomes, and this was not examined in this review. Some different kinds of interfaces and ventilatory modes have produced better patient comfort [69, 70] , but they do not seem to have a major impact on survival or other outcomes. The differences relating to ventilators and interfaces among studies included in this meta-analysis do not seem to account for the differences in the results.
Finally, a search for potential publication bias was performed using funnel plots and the rank correlation test of Begg. Using these methods, it is not possible to rule out the hypothesis of publication bias in our meta-analysis. We found some evidence indicating that smaller studies are more likely to be published if they have larger effects and some evidence of a publication bias favoring the publication of studies with positive results for NPPV therapy when compared to CPAP. We should remember, though, that the rank correlation test of Begg has low power. It is also important to emphasize that the asymmetry found in funnel plots could be related to several other sources of bias, and is not necessarily evidence of publication bias.
Conclusion
The evidence for the advantage of non-invasive ventilation techniques, and especially of CPAP, over SMT is now robust, and its use as a first line intervention in ACPE patients is becoming mandatory. Although one recent guideline for the treatment of ACPE suggests CPAP to avoid ETI and mechanical ventilation [71] , this technique is still underused in many clinical centers, partly because the clinical questions we address in this meta analysis had not been answered. Although both techniques, CPAP and NPPV, showed similar efficacy in decreasing need for ETI and mortality without increasing the risk of AMI, from a practical point of view CPAP has been shown to be cheaper and easier to use and implement in clinical practice [53] , so it could be considered the preferred intervention in ACPE patients.
Finally, we think it is important for researchers in this field to create consensus guidelines over methods for reporting and defining population, interventions and outcome measures. Taking into account the evidence presented here, it does not seem advisable, from an ethical point of view, to pursue further research comparing non-invasive ventilation methods with SMT in ACPE patients. Research in the future should concentrate on the definition of subgroups of patients for whom NPPV could eventually have advantage over CPAP, the optimal levels of pressure when using NPPV and definition of the best time to start non-invasive ventilation.
Key messages
• CPAP and NPPV have gained decisive roles in the management of various forms of respiratory failure, namely ACPE.
• In this meta-analysis we show that, in ACPE patients, CPAP and NPPV both significantly decrease the need for ETI, and CPAP significantly reduces mortality when compared to SMT. The evidence is now robust, and the use of these techniques as a first line intervention in ACPE patients is becoming mandatory.
• Although both techniques, CPAP and NPPV, showed similar efficacy in decreasing need for ETI and mortality, CPAP has been shown to be cheaper and easier to use and implement in clinical practice, so it could be considered the preferred intervention in ACPE patients.
• Analysis of the safety of these methods showed that, although some caution is still advised, there is no evidence of increased risk of AMI with either of these techniques and other adverse events described are very rare.
• No evidence supporting the suggested superiority of NPPV in hypercapnic ACPE patients was found and the advantage of higher levels of pressure support ventilation when using NPPV was not confirmed.
